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LQWHUDFWLRQEHWZHHQ FUDFNV=KDQJet al SURSRVHG DQHZQXPHULFDOPHWKRG FDOOHG WKH H[WHQGHG ILQLWH HOHPHQW WR
VWXG\WKHFURVVLQJFUDFNSURSDJDWLRQXVHWKLVPHWKRGWRFDOFXODWHWKHVWUHVVLQWHQVLW\IDFWRUDQGFRPSDUHWKHUHVXOWV
ZLWKGLIIHUHQWPHWKRGV>@0RRQet al.VWXGLHGWKHVWUXFWXUDOLQWHJULW\RIWKHVWHDPJHQHUDWRUZLWKWZRSDUDOOHOD[LDO
WKURXJKZDOO FUDFNV SURSRVHG WKH IUDFWXUH FULWHULRQ EDVHG RQ &2'>@ .DPD\D et al. FDOFXODWHG WKH LQWHUIHUHQFH
IDFWRURI WZRLQWHUDFWLQJVXUIDFHFUDFNVZLWKGLVVLPLODUVL]HVSUHGLFWHGWKHSDWKRI WKHFUDFNJURZWKREWDLQHG WKH
FRUUHVSRQGLQJ FRPELQDWLRQ UXOH>@ 4LX et al. VWXGLHG WKH GLVVLPLODU PHWDO ZHOGHG MRLQWV IRU MRLQLQJ VDIHHQG LQ
QXFOHDU SRZHU SODQWV 7KH UHVXOWV VKRZ WKDW WKH HIIHFW RI FUDFN ORFDWLRQ RQ IUDFWXUH EHKDYLRU LV UHODWHG WR WKH
LQWHUDFWLRQRIWKHGXDOFUDFNVJURZWKDQGFRDOHVFHQFHPDWHULDOPHFKDQLFDOSURSHUWLHVDQGWKHLUPLVPDWFKHVDKHDG
RIFUDFNWLSV>@
&URVVLQJGRXEOHFUDFNV LV RQH RI WKH PXOWLSOH FUDFN FRQILJXUDWLRQV ZKLFK PD\ H[LVW LQ UHDO VWUXFWXUHV HJ
ZHOGLQJ]RQHLQSUHVVXUHYHVVHOV,QWKLVSDSHUH[SHULPHQWDOVWXGLHVDQGQXPHULFDOFRPSXWDWLRQVZHUHFDUULHGRXW
RQ FURVVLQJGRXEOHFUDFN SURSDJDWLRQ LQ 45 ZLWK FRQFHQWUDWLRQV RQ WKH FUDFN SURSDJDWLRQ SDWKV DQG FUDFN
LQWHUDFWLRQV
6SHFLPHQDQGWHVWLQJSURFHGXUH
2.1. specimen geometry 
7KHPDWHULDOIRUWKHVSHFLPHQVLV45ZKLFKLVZLGHO\XVHGLQ&KLQDWRFRQVWUXFWSUHVVXUHYHVVHOVEHFDXVHRI
JRRG SURFHVVLQJ SURSHUWLHV DQG PHFKDQLFDO SURSHUWLHV 7KH RULJLQDO JHRPHWU\ RI WKH VSHFLPHQ ZDV VHOHFWHG
DFFRUGLQJWRWKH&KLQHVHVWDQGDUG*%77HVWPHWKRGIRUIDWLJXHFUDFNSURSDJDWLRQUDWHRIPHWDOPDWHULDOV
7KHVSHFLPHQLVDSODWHZLWKWKHZLGWKRIPPWKHKHLJKWRIPPDQGWKHWKLFNQHVVRIPP,QWKHFHQWHURI
WKHHDFKVSHFLPHQDQDQJOHGWKURXJKWKLFNQHVVQRWFKHGFUDFNZDVPDFKLQHGDVVKRZQLQ)LJ7KHQRWFKZLGWKLV
PP)RU WKHQXPEHULQJRIVSHFLPHQV WKHVSHFLPHQZLWKDVLQJOHFUDFN LVGHQRWHGDVȕDQDQG WKHRQHZLWK WKH
FURVVLQJGRXEOHFUDFNV LVGHQRWHGDVȕĮDQEQZKHUHȕ LV WKHDQJOHEHWZHHQ WKH ORDGLQJGLUHFWLRQDQG WKH ORQJHU
FUDFNĮLVWKHDQJOHEHWZHHQWKHORDGLQJGLUHFWLRQDQGWKHVKRUWHUFUDFNDQLVWKHKDOIOHQJWKRIWKHORQJHUFUDFNDQG
EQLVWKHKDOIOHQJWKRIWKHVKRUWHUFUDFN&UDFNFRQILJXUDWLRQVLQDOOVSHFLPHQVWHVWHGLQWKLVVWXG\DUHOLVWHGLQWDEOH

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2.2. Test apparatus 
7KHIDWLJXHFUDFNSURSDJDWLRQH[SHULPHQWVZHUHFDUULHGRXWRQDQ,167521HOHFWURK\GUDXOLFVHUYRIDWLJXH
WHVWPDFKLQH&UDFNSURSDJDWLRQZDVUHFRUGHGZLWKDQRSWLFDOPLFURVFRSHFRQQHFWHGWRWKHFRPSXWHU
2.3. Testing procedure 
$VLQXVRLGDOZDYHZLWKWKHPD[LPXPORDGLQJRIN1DQGWKHPLQLPXPORDGLQJRIN1ZDVVHOHFWHGIRUWKH
IDWLJXHWHVWV7KHORDGIUHTXHQF\IRUWKHWHVWLV+]$VPHQWLRQHGEHIRUHWKHFUDFNSURSDJDWLRQZDVUHFRUGHGZLWK
DQRSWLFDOPLFURVFRSHFRQQHFWHGWRDFRPSXWHUZKLFKFDQJLYHWKHYHUWLFDODQGKRUL]RQWDOSRVLWLRQVRIWKHFUDFNWLS
(YHU\ WLPH ZKHQ WKH FUDFN JUHZ D OHQJWK RI PP WKH WHVWLQJ ZDV SDXVHG WR WDNH D SLFWXUH DQG UHFRUG WKH
FRUUHVSRQGLQJF\FOHQXPEHUV
7RGHVFULEHIDWLJXHFUDFNSURSDJDWLRQ WKHIDWLJXHFUDFNSURSDJDWLRQUDWHVDUHXVXDOO\FRPSXWHGDQGFRUUHODWHG
ZLWKWKHDPSOLWXGHUDQJHRIVWUHVVLQWHQVLW\IDFWRUǻ.,QWKLVSDSHUWKHFUDFNSURSDJDWLRQUDWHLVFDOFXODWHGZLWKWKH
SRLQW SRO\QRPLDO PHWKRG IROORZLQJ $670 ( DQG WKH VWUHVV LQWHQVLW\ IDFWRU DW WKH FUDFN WLS LV FDOFXODWHG
DGRSWLQJWKHGLVSODFHPHQWDSSURDFKZLWKWKHKHOSRIWKHVRIWZDUHRI$16<6
([SHULPHQWDOUHVXOWVDQGGLVFXVVLRQV
3.1. Crack growth path 
)LJXUHJLYHVWKHFUDFNSURSDJDWLRQSDWKVRIVLQJOHFUDFNVRUFURVVLQJGRXEOHFUDFNVXQGHUWKHXQLD[LDOORDGLQJ
,WLVVHHQWKDWIRUDVLQJOHQRWFKFUDFNQHZFUDFNVLQLWLDWHGDWWKHQRWFKFUDFNWLSVDQGDIWHULQLWLDWLRQWKHQHZFUDFNV
JUHZLQ WKHGLUHFWLRQSHUSHQGLFXODU WR WKHDSSOLHG ORDGDVVKRZQLQ)LJPDNLQJFUDFNPRGH WUDQVIHUIURP,,,
PL[HGPRGHWRPRGH,)RUWKHFURVVLQJGRXEOHFUDFNVWKHQHZFUDFNVLQLWLDWHGDWHLWKHUWKHQRWFKFUDFNWLSVRUWKH
VKRUWQRWFKFUDFNWLSVGHSHQGLQJRQZKLFKKDVWKHODUJHUPRGH,VWUHVVLQWHQVLW\IDFWRUDQGDIWHULQLWLDWLRQWKHQHZ
FUDFNVDOVRJUHZLQWKHGLUHFWLRQSHUSHQGLFXODUWRWKHDSSOLHGORDG
,WLVIRXQGWKDWLIWZRQHZFUDFNVLQLWLDWHDQGEHJLQWRJURZQRPRUHQHZFUDFNVZLOOLQLWLDWHIURPRWKHUQRWFK
FUDFN WLSV DJDLQ ,IPRUH WKDQ WZR QHZ FUDFNV LQLWLDWH RQO\ WZRRI WKHPZLOO SURSDJDWH DQG WKH RWKHUVZLOO VWRS
EHFDXVHRIWKHVKLHOGLQJHIIHFWVRIWKHSURSDJDWHGFUDFNV

   
 DĮ DQ PP EĮ DQ PP FĮ ȕ DQ PPEQ PP

   
 GĮ ȕ DQ PPEQ PP HĮ ȕ DQ PPEQ PP IĮ ȕ DQ PPEQ PP
)LJ&UDFNSURSDJDWLRQSDWKV
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3.2. Stress intensity factor at crack tip 
7KH)LJDEDQGGVKRZWKHDPSOLWXGHUDQJHRIWKHVWUHVVLQWHQVLW\IDFWRUVǻ.,RUǻ.,,FKDQJLQJZLWKWKH
ORQJFUDFNSURSDJDWLRQOHQJWKD[,WFDQEHVHHQWKDWWKHDPSOLWXGHUDQJHRIPRGH,VWUHVVLQWHQVLW\IDFWRURIWKHQHZ
LQLWLDWHGFUDFNV LVQRWRQO\ELJJHU WKDQ WKDWRI WKHLURZQPRGH ,, VWUHVV LQWHQVLW\ IDFWRUǻ.Ċ RI WKHQHZ LQLWLDWHG
FUDFNVEXWDOVRELJJHUWKDQWKDWRIWKHVWUHVVLQWHQVLW\IDFWRUVǻ.ĉDQGǻ.ĊRIWKHXQLQLWLDWHGFUDFNV7KLVUHVXOW
LQGLFDWHG WKDW IRU WKH FURVVLQJGRXEOHFUDFNV WKH FUDFNVZLWK WKH ELJJHU VWUHVV LQWHQVLW\ IDFWRU ǻ.ĉ ZHUH ILUVWO\
LQLWLDWHGDQGWKHQSURSDJDWHIRUZDUGLQPRGH,,WLVWKLVUHDVRQWKDWQRWDOZD\VWKHORQJFUDFNVSURSDJDWHWKHVKRUW
FUDFNVPD\DOVRSURSDJDWHGHSHQGLQJRQWKHFUDFNRULHQWDWLRQVDVVKRZQLQ)LJGDQGI
)LJDQG)LJVKRZWKHDPSOLWXGHUDQJHRIWKHVWUHVVLQWHQVLW\IDFWRUǻ.ĉDWWKHFUDFNWLSRIWKHORQJFUDFNDQG
VKRUWFUDFNFKDQJLQJZLWKWKHORQJFUDFNSURSDJDWLRQOHQJWKD[:KHQWKHORQJFUDFNLVSURSDJDWLQJWKHDPSOLWXGH
UDQJH RIPRGH , VWUHVV LQWHQVLW\ IDFWRU ǻ.ĉ LQFUHDVHVZLWK FUDFN JURZWK %XW IRU VKRUW FUDFNVZKHQ D FUDFN LV
SURSDJDWLQJLWVǻ.ĉLQFUHDVHVZLWKFUDFNJURZWK%XWLIDVKRUWFUDFNLVQRWSURSDJDWLQJLWVǻ.ĉGHFUHDVHVZLWKWKH
RWKHUFUDFNJURZWK
3.3. Shielding effects of the propagated cracks on non-propagated cracks 
1RZVHWWKHORQJFUDFNRULHQWDWLRQZLWKȕ WKHDPSOLWXGHUDQJHRIWKHVWUHVVLQWHQVLW\IDFWRUVǻ.ĉDQGǻ.Ċ
RI WKH VKRUW FUDFNZLWK GLIIHUHQW OHQJWK FKDQJLQJZLWK WKH ORQJ FUDFN JURZWK ZHUH VKRZQ LQ )LJ  DQG )LJ 
UHVSHFWLYHO\,WLVVHHQWKDWWKHDPSOLWXGHUDQJHRIVWUHVVLQWHQVLW\IDFWRUǻ.ĉRIWKHVKRUWFUDFNLVGHFUHDVHGZLWKWKH
IDWLJXHFUDFNSURSDJDWLRQKRZHYHUWKHDPSOLWXGHUDQJHRIVWUHVVLQWHQVLW\IDFWRUǻ.ĊLVLQFUHDVHGZLWKWKHIDWLJXH
FUDFNSURSDJDWLRQ$IWHUDFHUWDLQOHQJWKRISURSDJDWLRQWKHDPSOLWXGHUDQJHRIVWUHVVLQWHQVLW\IDFWRURIWKHVKRUW
FUDFNǻ.ĉ LVGHFUHDVHG WR]HUR LIQRWFRQVLGHULQJ WKHFRPSUHVVLYHDFWLRQVRQFUDFN IODQNVZKLFKPHDQV WKDW WKH
VKRUWFUDFNEHFRPHVSXUHPRGH,,
  
 DĮ ȕ DQ PPEQ PP EĮ ȕ DQ PPEQ PP
  
 FĮ ȕ DQ PPEQ PP GĮ ȕ DQ PPEQ PP
)LJ7KHDPSOLWXGHUDQJHRIVWUHVVLQWHQVLW\IDFWRUFKDQJLQJZLWKWKHFUDFNJURZWK
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
)LJ7KHDPSOLWXGHUDQJHRIWKHPRGH,VWUHVVLQWHQVLW\IDFWRU
RIORQJFUDFNV
)LJ7KHDPSOLWXGHUDQJHRIWKHPRGH,VWUHVVLQWHQVLW\IDFWRU
RIVKRUWFUDFNV


)LJ7KHDPSOLWXGHUDQJHRIWKHPRGH,VWUHVVLQWHQVLW\IDFWRU
RIVKRUWFUDFNVZLWKGLIIHUHQWOHQJWK
)LJ7KHDPSOLWXGHUDQJHRIWKH0RGH,,VWUHVVLQWHQVLW\IDFWRU
RIVKRUWFUDFNVZLWKGLIIHUHQWOHQJWK

)LJ7KHDPSOLWXGHUDQJHRIWKHPRGH,VWUHVVLQWHQVLW\RI
VKRUWFUDFNVZLWKGLIIHUHQWDQJOHV
)LJ7KHDPSOLWXGHUDQJHRIWKHPRGH,,VWUHVVLQWHQVLW\IDFWRURI
IDFWRURIVKRUWFUDFNVZLWKGLIIHUHQWDQJOHV
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7KHDPSOLWXGHRIWKHVWUHVVLQWHQVLW\IDFWRUǻ.ĉDQGǻ.ĊRIWKHVKRUWFUDFNZLWKWKHGLIIHUHQWDQJOHVDUHVKRZQ
LQ)LJ  DQG)LJ  UHVSHFWLYHO\6LPLODUO\ LW LV VHHQ WKDWZKDWHYHU WKH DQJOH LV WKH VKRUW FUDFN ILQDOO\EHFRPHV
PRGH,,
3.4. Effects of short cracks on long crack propagation 
)LJ  DQG )LJ  VKRZ WKH HIIHFWV RI VKRUW FUDFNV ZLWK GLIIHUHQW OHQJWK DQG DQJOHV RQ WKH ORQJ FUDFN
SURSDJDWLRQZKHQWKHDQJOHEHWZHHQWKHORQJFUDFNDQGORDGLQJGLUHFWLRQLV,WLVVHHQWKDWIRUWKHSURSDJDWHG
ORQJFUDFN WKHDPSOLWXGHUDQJHRI WKHPRGH,VWUHVV LQWHQVLW\IDFWRUǻ.ĉ LQFUHDVHVZLWKWKHFUDFNJURZWKEXW WKH
DPSOLWXGHUDQJHRIWKHPRGH,,VWUHVVLQWHQVLW\IDFWRUǻ.ĊUHPDLQVDOPRVW]HURUHJDUGOHVVRIWKHVKRUWFUDFNOHQJWK
DQGRULHQWDWLRQ
 
 )LJ(IIHFWRIVKRUWFUDFNOHQJWKRQORQJFUDFNSURSDJDWLRQ )LJ(IIHFWRIVKRUWFUDFNRULHQWDWLRQRQORQJFUDFNSURSDJDWLRQ
3.5. Crack propagation rates 
$VPHQWLRQHGDERYHWKHFUDFNVSURSDJDWHLQPRGH,6RWKHIDWLJXHFUDFNJURZWKUDWHVVKRXOGEHDIXQFWLRQRI
WKHDPSOLWXGHUDQJHRIWKHPRGH,VWUHVVLQWHQVLW\IDFWRUVǻ.ĉ)LJVKRZVWKHFUDFNJURZWKUDWHVFKDQJLQJZLWK
ǻ.ĉ  IRU ERWK VLQJOH FUDFN DQG FURVVLQJGRXEOHFUDFN SURSDJDWLRQV &OHDUO\ QR REYLRXV GLIIHUHQFHV DUH IRXQG
EHWZHHQ WKRVH WZRSURSDJDWLRQV7KLV LVXQGHUVWDQGDEOHEHFDXVHIRU WKHPRGH ,JURZWK WKH IDWLJXHFUDFNJURZWK
UDWHLVRQO\FRQWUROOHGE\WKHDPSOLWXGHUDQJHRIWKHPRGH,VWUHVVLQWHQVLW\IDFWRU,QDGGLWLRQWKHLUUHODWLRQVKLSVFDQ
EHH[SUHVVHGZLWKWKH3DULVIRUPXODVDVIROORZV
)RUVLQJOHFUDFN˖
    da K
dN
 u ' 
)RUFURVVLQJGRXEOHFUDFN
    da K
dN
 u ' 
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)LJ&RPSDULVRQRIFUDFNJURZWKUDWHVEHWZHHQVLQJOHFUDFNDQGFURVVLQJGRXEOHFUDFNSURSDJDWLRQV
&RQFOXVLRQV
,Q WKLVSDSHU FURVVLQJGRXEOHFUDFN IDWLJXHSURSDJDWLRQV LQ FDUERQ VWHHO45ZHUH WHVWHG WR LQYHVWLJDWH WKH
PXWXDOLQIOXHQFHVEHWZHHQFUDFNV&RQFOXVLRQVDUHGUDZQDVIROORZV
 )RU WKH FURVVLQJGRXEOHFUDFNV XQGHU WKH XQLD[LDO IDWLJXH ORDGLQJ WKH QHZ FUDFNV LQLWLDWH IURP WKH QRWFK
FUDFNWLSVZLWKWKHELJJHUPRGH,VWUHVVLQWHQVLW\IDFWRUVDQGWKHQSURSDJDWHLQPRGHĉ
:KHQWZRQHZFUDFNVSURSDJDWHWKHRWKHUQRWFKFUDFNVRULQLWLDWHGFUDFNVDUHVKLHOGHGZLWKRXWJURZLQJ
7KHQRQSURSDJDWHGQRWFKFUDFNVKDYHQRREYLRXVHIIHFWVRQWKHWZRSURSDJDWHGFUDFNVLQWHUPVRIWKHFUDFN
JURZWKSDWKVDQGWKHFUDFNJURZWKUDWHV%XWWKHWZRSURSDJDWHGFUDFNVPD\FKDQJHWKHORDGLQJVWDWHRIWKHQRQ
SURSDJDWHGQRWFKFUDFNV
7KHUHODWLRQVKLSVEHWZHHQIDWLJXHFUDFNSURSDJDWLRQUDWHVRIERWKVLQJOHFUDFNVDQGFURVVLQJGRXEOHFUDFNV
DQG WKH DPSOLWXGH UDQJHV RI WKH PRGH , VWUHVV LQWHQVLW\ IDFWRUV ǻ.ĉ IROORZ WKH 3DULV IRUPXOD ZLWKRXW FOHDU
GLIIHUHQFH
$FNQRZOHGJHPHQWV
7KLVZRUNLVVXSSRUWHGE\&KLQD1DWXUDO6FLHQFH)RXQGDWLRQ*UDQW1R
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